Increased mitochondrial superoxide generation in neurons from trisomy 16 mice: a model of Down's syndrome.
Increased neuronal cell death in neurodegenerative diseases has been suggested to result from an increased mitochondrial generation of radical oxygen species (ROS). To test this hypothesis, we investigated superoxide formation in cultured hippocampal neurons from diploid and trisomy 16 mice (Ts16), a model of Down's syndrome. Microflurometric techniques were used to measure superoxide-induced oxidation rate of hydroethidine (HEt) to ethidium and reduced nicotinamide adenine dinucleotide (NADH) and reduced nicotinamide adenine dinucleotide phosphate (NADPH) autofluorescence signal to monitor changes in neuronal energy metabolism. We found an increase in superoxide formation by more than 50% in Ts16 neurons in comparison with diploid control neurons. In the presence of the mitochondrial respiratory chain complex I inhibitor rotenone superoxide production was blocked in diploid neurons, but the increased superoxide generation in Ts16 neurons remained. Uncoupling of mitochondrial oxidative phosphorylation using carbonyl cyanide p-trifluoromethoxyphenylhydrazone (FCCP) caused irreversible deficiency in the energy metabolism, monitored by NAD(P)H autofluorescence in Ts16 neurons, but not in diploid control neurons. These results suggest an increased basal generation of superoxide in Ts16 neurons, probably caused by a deficient complex I of mitochondrial electron transport chain, which leads to an impaired mitochondrial energy metabolism and finally neuronal cell death.